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A RESPIRATORY ARRANGEMENT. 
TECHNICAL FIELD 

5 The present invention relates to respiratory apparatus and 
then particularly, but not exclusively, to the type of 
apparatus by means of which a gaseous mixture can be delivered 
to and/or removed from the respiratory organs, such as the 
airways, of a living person, or a living creature such as a 
10 mammal, having one or more lungs. 

In order to enable the respiratory apparatus to be applied 
within the concept of the present invention, it is necessary 
for the apparatus to include a number of nozzles or equivalent 

15 devices controlled by valves which, in turn, are controlled 
by a control unit, wherein the nozzles can be supplied with 
a relevant gas mixture with a predetermined ratio between the 
components of the gaseous mixture, this ratio being dependent 
on nozzle size, prevailing gas pressure, activation time, and 

20 other parameters. 

One of the components of the gaseous mixture is typically 
nitric oxide, 

25 DESCRIPTION OF THE BACKGROUND ART 

The use of nitric oxide in the treatment of vasocontractions 
in mammals, and then particularly in human beings, and then 
particularly such contractions as those which derive from 
30 asthmatic conditions, is earlier known from International 
Patent Application No. PCT/US91/09111 , having Publication No. 
WO 92/10228, 

It is also known that the condition of asthmatics can be 
3 5 alleviated or cured when 

a. the bronchus is enlarged; 

b. when the blood circulation is improved; and 
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c. mastering other effects, such as by increasing cilia 
motility, increasing anti-inflammatory effects and/or inhibit- 
ing mediator release; this latter may be substance P, acetyl 
choline and/or histamine, 

5 

with regard to the singular features of the present invention, 
it can be mentioned that a number of different respiratory 
devices are known to the art, of which several will be used 
when carrying out the present invention. These devices have 
10 therefore not been described in detail, but have merely been 
considered as belonging to the prior art. 

The present invention is based on an understanding that in the 
case of a healthy person, the concentration of nitric oxide, 

15 and particularly the time sequence or temporal sequence of the 
nitric oxide concentration, will vary during the expiration 
cycle, so as to lie initially at ah elevated level and 
concentration, and then flatten out down to a plateau after 
only some few tenths of a second, and then decrease to zero 

20 upon completion of the expiration cycle. 

It can be established that in respect of mammals, including 
human beings, who are prone to and at times suffer from 
asthmatic conditions, the nitric oxide content and the 
25 temporal variation in concentration is highly elevated 
initially in the expiration cycle, within some tenths of a 
second of its commencement, during those times in which the 
asthmatic conditions are not manifest or acute, and that the 

. .i 

concentration flattens out to a plateau value which has been 
30 found to lie at or beneath the plateau value of a healthy 
being, and falls to zero at the end of the expiration cycle..' 

Furthermore, when inciting asthmatic conditions in test 
animals, while inducing the aforesaid variation in the 
3 5 concentration of nitric oxide, it has been established that 
contraction of the bronchus will increases when the body's own 
production of nitric oxide is blocked artificially. 



wo 95/10173 




PCT/SE94/00915 



3 

It has also been established that the nitric oxide concentra- 
tion of the expiration gas or air of smokers and other people 
whose lungs are chronically affected is lower than the 
concentration of nitric oxide in the air exhaled by people who 
5 are healthy in this respect. 

Experiments carried out in practice have shown that this 
nitric oxide deficiency in the expiration air can be restored 
or improved by adding nitric oxide to the inspiration air. 

10 

SUMMARY OF THE PRESENT INVENTION 

TECHNICAL PROBLEMS 

15 It will be seen when studying the known prior art and the 
research carried out in this field that a technical problem 
resides in realizing the significance of providing a respira- 
tory arrangement which is so adapted as to permit the concen- 
tration of nitric oxide in the gaseous mixture to vary during 

20 the inspiration cycle, therewith improving the condition of 
a suffering person and reducing the unpleasantness caused. 

Another technical problem is one of providing a respiratory 
arrangement in which a gaseous mixture can be delivered to 

25 and/or removed from the airways and respiratory organs of a 
living person having one or more lungs such that the gaseous 
mixture can be given, through the medium of a number of 
nozzles and a control unit connected thereto, a predetermined 
ratio between the components of the gaseous mixture, the 

30 concentration in which these components are present and a 
temporal or time-wise variation in concentration, one of said 
components being nitric oxide (NO), and thereafter realizing 
that improved effects can be expected in asthmatic human 
beings when such an arrangement enables the nitric oxide 

3 5 contribution to the gaseous mixture to be varied in a manner 
that can be evaluated, at least during an inspiration cycle. 
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A technical problem also resides in the ability to realize 
that a higher amount of nitric oxide and a higher nitric oxide 
concentration should be introduced in the terminating phase 
of the inspiration cycle, so that the higher concentration 
5 will exist in the "dead space" and thus not in the alveolus 
cells, where poisoning might be likely to occur. 

A technical problem is also one of realizing the significance 
of and the advantages afforded by allowing the nitric oxide 
10 proportion or concentration to be chosen as zero within the 
initial phase of the inspiration cycle. 

It will be seen that a technical problem is one of realizing 
the possibilities that are associated with allowing the nitric 
15 oxide proportion or concentration to be chosen as high as 
10,000 ppb to 100,000 ppb within the terminating phase of the 
inspiration cycle. 

Another technical problem is one of realizing the possibili- 
20 ties associated with allowing the nitric oxide proportion to 
be chosen up to 40 ppb within the initial phase of the 
inspiration cycle, this nitric oxide proportion being intended 
to enter the alveolus cells. 

25 Another technical problem is one of realizing how the nitric 
oxide proportion and its time-wise distribution shall be 
adapted to an asthmatic person. 

It will also be seen that a technical problem relating to this 
30 treatment is one of realizing that the initial phase and the 
terminating phase of the inspiration cycle should be adapted 
mutually with equal or essentially equal volume contents, so 
as to adapt to the "dead space" and the total volume of the 
alveolus. 

35 

It will also be seen that a technical problem is one of 
realizing the advantages that are gained when the time 
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duration of the initial phase and the terminal phase of an 
inspiration cycle are mutually the same or essentially the 
same, and at least related to the person concerned. 

ff 

5 It is not unusual for asthmatics to use a further component 
in addition to the nitric oxide concentration, which in such 
case may be oxygen . 

SOLUTION 

10 

With the intention of solving one or more of the aforesaid 
technical problems , the present invention takes as its 
starting point a respiratory arrangement which is able to 
deliver a gaseous mixture to and/or remove a gaseous mixture 
15 from the airways and the respiratory organs of a living person 
having one or more lungs, by delivering the gaseous mixture 
through the medium of a number of nozzles at a predetermined 
ratio or concentration between the gas components, of which 
one is nitric oxide (NO). 

20 

In accordance with the invention, at least the contribution 
made by the nitric oxide concentration to the gaseous mixture 
can be varied during at least one inspiration cycle. 

25 By way of proposed embodiments that lie within the scope of 
the present invention, it is proposed that the proportion of 
nitric oxide and its concentration is higher in the terminat- 
ing phase of an inspiration cycle. 

30 It is also proposed that the proportion of nitric oxide 
present is zero, in the initial phase of an inspiration cycle. 

With regard in particular to people who suffer from asthma, 
i.e. asthmatics, it is proposed that nitric oxide is present 
35 in an amount corresponding to 10,000-100,000 ppb in the 
terminating phase, whereas nitric oxide may be present in an 
amount corresponding to 40 ppb in the initial phase. 
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It is also proposed that the proportion of nitric oxide 
present and its time-wise distribution is adapted to an 
asthma-suffering person by adapting the time variation of the 
nitric oxide concentration in relation to the person's own 
5 production of nitric oxide. 

It is also proposed that the initial phase and the terminating 
phase have the same or essentially the same volume content 
and/or that the initial phase and the terminatinig phase have 
10 the same or essentially the same time duration. 

With the intention of easing the discomfort of asthmatics, it 
is normal to use a further component during treatment. This 
further component may be oxygen. 

15 

ADVANTAGES 

Those advantages that are primarily associated with an 
arrangement of the kind intended reside in enabling the 

20 discomfort of asthmatics to be alleviated during an acute 
attack through the medium of a respiratory arrangement with 
which the proportion of nitric oxide delivered to the inspira- 
tion air and the time-wise distribution of the nitric oxide 
concentration as seen totally will coincide with the time 

25 distribution of the endogenous concentration of nitric oxide, 
problem free. 

The arrangement also reduces the toxic effect of nitric oxide 
inspired in the alveoli, and reduces the effect of nitric 
30 oxide taken up by the alveoli, by which is meant the formation 
of methaemoglobin or the effect on the ability to supply 
blood. 



35 

The primary characteristic features of an inventive respirato- 
ry arrangement are set forth in the characterizing clause of 
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the following' Claim 1 



5 BRIEF DESCRIPTION OF THE DRAWING 



A preferred embodiment of a respiratory arrangement having the 
main characteristic features of the present invention will now 
be described in more detail with reference to the accompanying 
10 drawing, in which 



15 



Figure 1 illustrates schematically a respiratory arrangement 
connected to a person and including valves for 
supplying oxygen and/or nitric oxide; 

Figure 2 is a time diagram concerning the time variation of 
the nitric oxide concentration in an expiration 
cycle of a healthy person; 



20 



25 



Figure 3 is a similar diagram concerning a person suffering 
from asthma but who at the time of taking the 
measurements shown in the time diagram was not 
afflicted by bronchus- or vasoconstrictions or the 
like; 

Figure 4 is a time diagram which shows the time variation of 
the nitric oxide concentration during an inspira- 
tion cycle; and 



30 Figure 5 illustrates schematically an alveolus present in a 

lung, and a neighbouring bronchiole. 



DESCRIPTION OF AN EXEMPLIFYING EMBODIMENT AT PRESENT PREFERRED 



35 



Figure 1 illustrates schematically a person 1 having two lungs 
la and lb and being treated with the aid of a respiratory 
arrangement 2 . 
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The respiratory arrangement 2 is constructed in a known manner 
for the delivery and/or the removal of a gas mixture to and 
from the airways Ic and general respiratory organs belonging 
to a person 1 having one or more lungs la and lb, by adapting 
5 the concentrations of the gas components to a predetermined 
relationship in an inspiration cycle S, through the medium of 
a number of nozzles 3 and 4 and valves controlled by a control 
unit 5. 

10 Which of the components shall be included is decided from case 
to case, although it will be noted that in the case of the 
present invention, one of these components shall be nitric 
oxide (NO). 

15 As Figure 4 is intended to show, the invention is based on a 
variation in at least the extent of the contribution made by 
the nitric oxide to the gas mixture during at least a complete 
inspiration cycle. 

20 In this regard, it is shown that the proportion of nitric 
oxide is higher in the terminating phase 6b of an inspiration 
cycle. 

It lies within the scope of the invention to vary the concen- 
25 tration of nitric oxide and the time-wise distribution and 
duration within wide limits. 

For instance, the nitric oxide concentration may be zero in 
the initial phase 6a of the inspiration cycle. 

30 

According to the invention, the nitric oxide concentration in 
the latest part of the terminating phase may be from 10,000 
to 100,000 ppb, whereas the nitric oxide concentration in the 
initial phase 6a may be up to 40 ppb. 

35 

Figure 2 is intended to show a variation in the nitric oxide 
concentration in time for a healthy person during an expira- 
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tion cycle. The diagram shows an initial peak value of about 
2 0 ppb and a plateau at about 12 ppb. 

Figure 3 is intended to illustrate the variation in the 
5 concentration of nitric oxide in relation to time in relation 
to a person who suffers from asthma but who at the time in 
question was not troubled by vasoconstrictions, phlegm or 
other conditions which would otherwise give discomfort • The 
diagram shows an extreme large concentration of nitric oxide 
10 initially, up to 80 ppb, and a lower concentration in the 
subsequent plateau, about 10 ppb. 

According to the invention, it is possible through the medium 
of the control unit 5 to "tailor make" each proportion of 
15 nitric oxide and its time-wise or temporal distribution, and 
to adapt this directly to a person suffering from asthma. 

It can be expected that the initial phase 6a and the terminat- 
ing phase 6b can be adapted so as to have identical or 
20 essentially identical volumetric contents, or alternatively 
the initial phase and the terminating phase may be mutually 
adapted so as to have equal or essentially equal time dura- 
tions . 



25 Even though the exemplifying embodiment has been illustrated 
with reference to only one single further component, i.e. 
oxygen, it will be understood that the application of other 
gases or gaseous mixtures, such as oxygen and/or helium and/or 
air also lies within the scope of the present invention. 

30 

The reason for suggesting the division of an inspiration cycle 
into two phases 6a and 6b is because when inspiring, the first 
inspiration phase shall pass down to the alveoli, and possibly 
also down to the bronchiole 51, whereas the terminating phase 
35 6b shall fill the "dead space" including upper and/or lower 
airways, which in the case of an adult can be calculated as 
150 ml. 



wo 95/10173 



PCT/SE94/00915 



* 



10 

The invention is also based on the understanding that an ideal 
substitute therapy should resemble as far as possible the 
normal expiration pattern with regard to the time distribution 
of the nitric oxide concentration of healthy or relatively 
5 unaffected people but otherwise suffering no asthmatic 
symptoms . 

The peak value shown in Figure 3 can rise as high as 550 ppb 
for some people. 

10 

It lies within the scope of the invention to first inhibit the 
body's own production of nitric oxide, by injecting or 
breathing in an NO-synthesis inhibitor, for instance methyl- 
arginines, nitroarginines , aminoguanidine or derivatives 
15 thereof, and then to cause the control unit 5 to generate an 
inspiration cycle with a well-balanced concentration distribu- 
tion corresponding to the body's own production of nitric 
oxide and its temporal or time-wise distribution. 

20 It should be noted that when a given distribution exists in 
the expiration cycle, the inspiration cycle shall time-wise 
be inverse, which Figures 3 and 4 are intended to illustrate. 

Even though the description refers to only one single inspira- 
25 tion cycle and one single expiration cycle, it lies within the 
scope of the invention for the described time variation of the 
nitric oxide concentration to apply for one inspiration cycle 
among a predetermined number of cycles, of which the remainder 
are not given a nitric oxide addition. 

30 

The proportion of nitric oxide used and its temporal distribu- 
tion may be adapted to a person suffering chronic breathing 
difficulties or acute lung damage or congenital damage to a 
lung function, or who suffers coincidence deficiency between 
35 lung blood flow and lung ventilation. 

It will be understood that the invention is not restricted to 
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the af oredescribed and illustrated exemplifying embodiment of 
the invention since modifications can be made within the scope 
of the following Claims, 
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12 
CLAIMS 

1. A respiratory arrangement for delivering and/or removing 
a gas mixture to and from the airways and respiratory organs 

5 of a living being having one or more lungs, by giving the 
components of the gas mixture a predetermined ratio through 
the medium of a number of nozzles, of which components one is 
nitric oxide (NO), characterized in that the extent of the 
contribution made to the gas mixture by the nitric oxide can 
10 be varied at least during one inspiration cycle. 

2. An arrangement according to Claim 1, characterized in 
that the proportion of nitric oxide is higher in the terminat- 
ing phase of the inspiration cycle. 

15 

3 • An arrangement according to Claim 1 or 2 , characterized 
in that the proportion of nitric oxide in the initial phase 
of the inspiration cycle is zero. 

20 4. An arrangement according to Claim 2, characterized in 
that the proportion of nitric oxide in the terminating phase 
of the inspiration cycle is between 10,000 to 100,000 ppb. 

5 . An arrangement according to Claim 3 , characterized in 
25 that the proportion of nitric oxide in the initial phase is 

up to 4 0 ppb- 

6 . An arrangement according to any one of the preceding 
Claims, characterized in that the proportion of nitric oxide 

30 and its time-wise distribution is adapted for a being suffer- 
ing from asthma . 

7. An arrangement according to Claim 1, characterized in 
that the initial phase and the terminating phase have mutually 

35 the same or essentially the same volumetric contents. 



8 . An arrangement according to Claim 1 , characterized in 
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that the initial phase and the terminating phase are mutually 
adapted so as to have the same or essentially the same time 
duration. 

5 9. An arrangement according to Claim 1, characterized in 
that a further component is comprised of oxygen and/or helium 
and/or air. 

10. An arrangement according to Claim 1 or 6 , characterized 
10 in that the proportion of nitric oxide is adapted for a being 

suffering chronic breathing difficulties or acute lung damage 
or congenital damage to the lung function. 

11. An arrangement according to Claim 6, characterized in 
15 that the proportion of nitric oxide is adapted for a being 

suffering a coincidental deficiency between lung blood flow 
and lung ventilation. 
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